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Abstract

More thau thirty kinds of sea food pickles have been eaten in Korea. Out of these, salted small sardine

pickle was analyzed of their components and investigated the enzyme characteristics concerned. Also

studied was the effect of enzymes on the production of flavorous 5'-mononucleotides.

The results are summarized as follows:

1) No accumulation of flavorous 5-mononucleotides was demonstrated because RNA-depolymerase in

the raw materials and the pickles tended to decompose RNA into nucleoside and phosphoric acid.

2) 5’-Inosinic acid and 5'-adenylic acid were found in large amounts in the salted small sardine pickle.

3) 5’-Inosinic acid was contained in the salted small sardine pickle in a significant concentration, and it

might be considered to be inosinic acid-type.
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(N-Succinylo carboxamide) ribotide (SAICAR)>} Sk
#Hol ALg #WAEEu Q. Shimazono'™, Kuninaka
®&e 5°-IMP, 5-GMP %3} monosodium glutamate
(MSG)9| 8t H#dted 5 -mono nucleotides 7} MSG
dct gkl BhHnE Hro$ FEEe F =9
5’-IMP,5-GMP 9] 43 MSG & #4351 oo
F{EMol BEAL @4&3t9d.

5’-Mononucleotides 7} KBTS o4 100°C 744 = %
3 100°C LA Lol A 5 ik, 33 Alkali el A& %
SEsh} pH 5.0 LIFY Mtk & FREEsS 5M
o] MARM, FL® #M % #ato] w3 A, Tidus
9| {g8lm 5-IMP, 5-GMP & &K 9¢ axpst
+ flavor enhancer 2} 9= Kurtman®245.2 fnxk
SIBREE THRAS BRAYNS fEfstad. fu+ 8
BB o2 5-IMP &80 $3le = Fujida, @%'9 Ka-
ssemsarnC®, Saita(94o] el Q Toda"&EL
BB BF2l Phosphatase 7} Mononucleotides & 433}
< #|EW QA

FEEL v AT REWY Ros 5}
Z ol ZHEE AL 'R, WA ukdx
BaaH 2 239 29 RNA-depolymerase =2} 5t
5'-phosphodiesterase activity & RIEHA v o] & g
Kol ksl BEo) s o 5’-Mononucleotides 2 5]
A9 #MEBEE 5'Mononucleotide & S-S THESIo
BENAE BFEE dglonz ®BESE vlo) o},

® B

1. # #
X : Engraulis japonicus Temmik et Schlegel
(Smal! sardine)
=3 A : Pickle of small sardine FEHE 1967 F 10
A A& BAMS
2 A %
(D e
2729 —E & Mdhe] Waring blendor 2 3~5 2}
homogenize A| 7] 7. Ao FREREIZA SR
shelAl Segehgl e
(2) RNA-depolymerase activity!*'® g
7. EERES] AR AAA ¥ FHUX 10648 I
BtaL 0.1 M-Tris buffer solution (pH . 5) 90ml &
Indte] Waring blendor 2 3 4] g3 s}z GRREE o]
A —EKESEA Wb ERY LR HARR
2.2 35 toluol 0.5ml & st ARt H5s)
o #kiz sl
. EERE : B HHEO% oe) E. Merck fuql
Yeast RNA 1g 5} Bacto agar 2g & Tris buffer solution
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(pH 6.5) 20ml 9 ZF< 80mlo] ¥4 1% RNA
o FEfeXE=z st EASHL

v, Activity BIZBU": RNA 199 buffered substrates
18 ml & E® 9em 9] Petri dish o] HABL SIS Tl
< 253 Siainless steel 8 cup (height lcm, width
0.8em)& Fif kol Wlse B¥HK 0.5ml 42 BE
3te] 30°C, 37°C, 4°C 9 EHEBAAA 4B BE
RES AR cup 2 ve A BERE-S %32 Uranyl
reagent®®*) (uranyl acetate 0.25g, Trichloro acetic
acid 2.5g & 274 100mi o] BEE TR 2F W
A #1056 BRAA ZESo =4 BEERS
KIEA7H EREKREREE H%ol 5| = RNA-depol-
ymerase 7} {Efisle] RNA 7l 4#" #4532 Uranyl
reagent of AH{HEA L 2 BT ring & Ve loz B
8% ring o E®E vernier & M5ESHY RNA-depoly-
merase activity & HERESE S 28z Uranyl
reagent & ER%3t 5 Fiske-Subbarow®®2%2] molybden
B Il solution (2.5g ] ammonium molybdate & Z&
4 200ml of o]z 0. 1N H,SO, 300ml & nsle] g
4 U=ZH) 10ml9} amino naphthol sulfonic acid
solution (0.5g 9 1-amino-2-naphthol-4-sulfonic acid
% 75% NaHSO, solution 195ml o] 91 t}-& 209 Na,
S04-7H,0 solution 5ml & &ty #AE B)E 4mlE
g B BYHA ring Mrel —FY msted B@
A4 5~20 7Rl BHsE HEeo2 RNA.depolym-
erase fHoll WERERR o 2 71A] 3R A7) = phosphomon-
oesterase &) FARTE Mg, =33 RNA 7}
5#s| ol mononucleotide 7} 5-mononucleotide 1=}
isomer ¢1 3'-mononucleotide 213} &= RNA 0.5% (tris
buffered solution pH 6.5)9] WEEAE 4. 9ml o] FeE
0.1ml & fusio] 30°C ol A 4B HHEANZ S Bk
B2 AE#EALAF] 5. Paper electrophoresis o] 4 anode
side  migrate § U. V. B#H'E-< R 3t Periodate
oxidation o =& Schiff’s reaction © =4 FET spot
7} 5'-mononucleotide ¢l 9+ 5'-phospho diesterase,
3’-phosphodiesterase Q1 7 $-+& 3’-mononucleotide FE#E
22 HEZESA

2, Adenylic acid deaminase activity: ZEBK L =
+ 3u mole 9] 5~-AMP(Tris buffer-pH 6.5) solution:
& EASH Y BRKS 9 1. H) Zon Activity
9 BEe &3 o] Yl @ buffered substrate
4.9ml ol BERE 0. 1ml & pnsted 30°C, 37°C, 44°C of
A4 READ ohf il kil R
£ 3} paper electrophoresis o] vl U. V8B spot:
S} HEERE=A AMP 9} IMP & R5Ests adenylic
acid deaminase j%#:& T3} o},
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v, UV-BR 4B BESE¢Y @ Paper chromatography,
paper electrophoresis of #38}e 4-MEs sport o] U. V-
light (2537A filter) & MB4#{3le paper ko] UV-Bik
spot 7} A Boiwd o] A¢ ¥ 2 mark 3he] R
o

v, Paper electrophoresis@*® - Paper electrophoresis
& Beckman electrophoresis spinco model R type & F
F8te 3. electrolyte = 10% Acetic acid, constant vol-
tage &= 400V, Constant current + 0.5mA/cm 2 Fil
oA BBAsx paper strip & Whatman No. 1 (3x31
em)$ {#FEASe] 15 5cm %5l hRIEES starting line
.,C_’.Efﬂ-oq o] 7} ol sample 0.05ml & applicator 24
AL 4R tkE)A 7] = anode side o] miglate 3}

Re nucleotide, cathode side of migrate 3} A

o rr alo

i

nucleoside =¥ base J 2.2 U. V-l band 2 wEZSt
3 periodate Bg{ko] =& Schiff’s reaction o] k3t W
ZREESHA .

A. Paper chromatography:*»?® : Paper chromatogr-

aphy & (D Markham saturated ammonium sulfate—
Tertiary butanol—0. 025N Ammonia water (160:3:40).
(@ Hans 9] N-Propanol—conc. ammonia water-—Water
(60:30:10) @ Krebs 9] Isobutylic acid—1M Ammonia
water—0. 1M EDTA (100:60:1. 6)& solvent system 0 2
3}z Whatman No. 1 paper & {Fffisld LR¥CE
EilolA # 16 K BEIA T o1 60°C o q A zdtn
U. V- spot & #ERR SIS ot

6. Periodate oxidation®%?: Paper chromatography
v} paper electrophoresis & 731 paper of 1% sodium
meta periodate solution & UV-BRir#HEol 9l spot
o F5433] spray k3 60°C o] A 7 73R 2128 # SO,
gas 5 stz vial SO, gas & EAE 0. 1% rosani-
line solution & spray 3t3 SEiBoAl 1~2 BEIKE
#% FHHE spot =+ band 7} FH I 5'mononucleo-
tide 4-& % AEsH . B Pentose o 2°-, 3~
of cis form o 2 OH 7t F#shd NalO, 2 Egts
m A aldehyde 2 =3 rosaniline 9 Schiff's reaction
o2 Fgfao] BHe oz 5ol Biffol 2
5.mononucleotide 9] & BEA3IA o}

(3) @A A Aol 5 -mononuclestide & E&

-1, Ion exchange resin column chromatography A &
$1FH D - Waring blendor 2 BEY M 22 &
FEste] 7)o 10% perchloric acid 10m! & ppsts
KE TN —% HEsAA shitiste] J3 = Bl
10ml 2] 5% perchloric acid & pnsted 2 #5R WE st
Bk, #&ss = KEs W EBES FERE
# 433 olA% 5N-KOH 2 wf k& TFel4 K-

EEE - FBY - &%4 - BOT - 2AE

54 F5eta )

chlorate & {HBAARAE EiL st LEEE YFnel
Rgsts I BEE KAHKE BEEE S LR b
BwH S 4AA IN-HSO, & mate] pH 2.002 HE
83 liquid-liquid extractor [=ofl A ether 2] 48hrs #j
Hi%} & coconut active charcoal column of BFH A7
# 0.01IM-EDTA solution (pH7.0)% #insts SHF4¢
2 %S % 5% NHOH &% 50% cthanol 2 3}
o e HEHIK-S Amberite IR 120 column o HEA
2 o E@d Bwe IN-NHOH 24 pH9.5 2 ¥
%t} Dowex 1x8 column (formic type) BKE #}
Hot

+.. lon exchange resin column 9] #EfF©%*® : Ion
exchange resin © % Dowex 1x8 (200~400 mesh)&
FAsY o0 REEN ion THRBES S5l del
2ugthe Kl BEEe TS HfkEd & &
%% column of FHESIE BEES 5~10 5 (V/V)ol
5]1%& 6N-formic acid ¢} IM-sodium formate {E# % &
ERAWS column of FEAZ Lol THA 5~6 5 R
(V/V)e 88% formic acid & @WifiAl7l = Fo 8 FHik
K-S FES FHEe] kol HelAA A% pifk
gglch, Llks} el formic acid type 2 fEHE(EAIT
ion S & pyrex §l column (0. 9x 7cm)o] 553t BE
Hg mEE A FEst £o A oA EESE 3
FeiEstg k. HEESA el column o] FEHEE HERD]
puste] nucleotide K& Hifgol RFAZ # BEFT
w2 2~3(E HfEste] column #fiE 5T 83 cF

©_ Stepwise elution system®® : lon B iRl %
g i nucleotide 8 Hie B BLHCRED2Z
Fig. 1 BBI#e] 1ml/1 ¥R} dige] =A Bist=
Automatic fraction collector (Rinco jit#i)3 FIp st
10ml4 4rEests ot 1 [E EER ol Al 200~22018<) fraction
< Bt om £y 34~37 BERS AT e

2. Optical density BZE¢** : Fraction collector
S 4% fEEES) fraction & silica cell off 3o} Beck-
man spectrophotometer DU-2 & {#ifiste] ¥ 260mu
w 280my oAl O.D. & JEHIZ & fraction &} Q.
D. & plot 3¢} nucleotide 8] % peak & PE S nuc-
leotide 7} ion exchange resin column of A TEHEs) = 7
82 #E¥ nucleotide 8} % peak o} HBEGc},

u. % Nucleotide o [T : 260my 9] Bk E peak
7} 5= £@9 fraction ¢ %o} IN-HCl& pH 2.07}
%A 2485 active charcoal column of BHFAA K
¥£8F 4% 1.4% NH,OH &4 50% ethanol 2 ¥Hi3to
rotary vacuum evaporator o A #ffste] UV-absorption
spectra BTEFH, paper chromatography fi % paper
electrophoresis 9] Bz sgch.  UV-absorptio .
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curve - pide 250mu of A 300myu 7i 4 O.D. & 5mp 7h
Aoz o4 243le] Authentic compound o] E#E
s} Hirsle]l AEstEe.nl paper chromatogram 2] Rf
##7 paper electroplioresie o migrated distance %ol &
shof HES S SR o.

H, % Nucleotxde/] mole (BB HIC : & peak
9 O.D. &3l A back greund & W3 “$ % nucl
eotide 2] extinction coefficient & [pgtel & nucleotide
9] mole #& 5 Hillslg oo o]w 260my ¥ extinction
coefficient = pH2.0 22 e 799 Ex=14.2
(AMP), Ex,=11.8 (GMP), E;q=6.2 (CMP), Ep=
9.6 (UMP). F,,, 7. 4 (IMP)T.

L] e
“ELg

BR Y BR
1 —fAs

Table 1. Chemical Composition of Pickle
of Small Sardine

Moisture Ash Crude Crude Carboh- NaCl Others pH

protein fat ydrates
% % % % % % % . %

60.12 1.1313.7 4.3 11 19.5 0.15 59

‘ﬂz] zu atwcf‘% JHrSE fL B Table 1 oA 9}
ek, o} T wa) HBIG e MEh 4 A4y
o B {T"U ﬁi‘ifzh‘ 20% FEEEQIAL a9 Jiy

gitkel ol —Eel A finvo 2 AMEIEE Ho
R =

2. RNA.depolymerase activity

2 ko] ARG wheb Ik lgol RIS ol

5-mononuclectide 2 S =v KBS MEIEREE] &
B BEIN HORUES Aol B okl o HEb:
P Table 2 o A9l zich

Table 2. RNA-depoiymerase Activity
of Pickle of Small Sardine

RNA.-depolymerase Molybden blue
Sample activities (pH 6.5) (cm) reaction
Raw + * *% +
material
Pickle 0.9 1.6 +

fermented 1 month
** fermented 2 months

Boktepol mERiEEC] FF Ao 1 EAAA B
7b fafEslol 2 A L6em 2 e BME JEbd
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oh o2& BK 1A o sifelitiol ofbd el 4
3tz % piEttMsEE el BT %y R
A ERE A 2ok, a27ldl 229 RNA-depolymerase
7} molybden blue reaction ¢] %7 positive 2 & I
& BiEEo) RNA-depolymerase, phosphomonoesterase,
nucleosidase % o 8] $kfEehe R E 43+ nucleo-
tide & sz o] 7t #£FTSE ol nucleoside 9} #Hgpo
2712 g & vdehi & Aolrh, 28 =2 5okt 5 -mono
nucleotide 2 FHAA L A $& TF sich oy
A 7Zdh EkiE 5-mononucleotide & S8 A4 —
olvle}t Bilgel SfEd = Y i
FIESSl Flaffis el @it

Adenylic acid deaminase iG-S Hgtzy =3 @
o 2 A o] MinyFedol = 5-AMP & purine ring 2 f7{# of
$hE NH; J§ deamination }= Kol ﬁkfs}oi 5'-IMP
& F1 adenylic deaminase H{#:o] £¢& Fig. 1
oA dolFz gleid HA 4 HXRe 5-IMP 9 F
wE o8 e gloh 5-AMP EHA 248 F
H A7l # Authentic compound €] 5-AMP, 5-IMP %}
o] paper electrophoresis 2} Periodate oxidation & f&
Ea‘]-,,\_“\»] adenylic deaminase o #3}e] 5-AMP 7}

5-IMP z #ftd& LoFe AdE ¢ U
< Starting line

EE BE el
e

0- 5 - AMP |  so

o5 -IMP | +o

' i -

Fig. 1. Paper electrophoresis of 5-AMP

1{ o — Adenylic deaminasn:

deaminase activity
3. 8Xi%id 5-Mononucleotides

Standard nucleotides 2 A} Sigma rt%l 5-AMP 3.16
umole, 5-IMP 4. 71 umole, 5-GMP 6. 12mele, 5’-CMP
2.82 umole 2 5.UMP 2. 92 umole & &= BEK
£ #Af12 ion exchange column chromatography § 1T
3l 2 SEEozA Fig 29 o BMige o
et

Bl 5f2 5-mononuclectide & %523 Sk
Table 3o Fxghulo} 2L BERES d9od Bk
&Y ALFstgE . 27, 3, mononucleotide } 3FY #
5'-mononucleotide 9] SEF°] HESEAY REE B
#t3l7] fsle] yeast RNA o alkali 5-#S Ak
ste] QL HEEMZS Fig 3o Fwakgch oA
£fFR RNA 9] alkali 42 Rz sto] S 847de)



(70) FEE  FEY - SRH - BCT - £4R I E A
2.0 ARID FA  Formic acid
SF Sodii'~ formate
GMi{2
O
&
w
1.0F A
ATP
200
t 4 : 4 4 1
i 2 3 & 5 6 7 8 @
HO 1.005N 0.02 01N 01 NFA 01 NFA 01 NFA 0.1 NFA 0.2 NFA
FA NFA FA 0 05NSF 01 NSF 0 3 Nsr 0.6 NSF 0.8 NSF
Fig. 2. lon exchange chromatography of 5 -nucleotide
Column: Dowex-1x8, 200~400 mesh, Formic type 1X7cm.
extinction coaefficients used CMP 6.2 AMP 142 UOM 3.2 —!
GM™ 1i.8  IMP 74 ;
cMP ump
1.0 ; AMP .
z GMP
o
w
~N Nucleoside
w & Base |
i
1

100

4 t 4 3 4 3

1 2 3 4 5 6

Tube number 10mi fraction size . ana elution system

Fig. 3. Ion exchange column chromatography of 2’- and 3’-nucleotide




Vol 1, No. 1(1969)

2R 9 Bkt 5°-Mononucleotides

(71)

2.0F

(A,

260

Fig. 4.

Ion exchange column chromatography of salted small sardine pickle

Table 3. Recovery Test of 5 -Mononucleotides
by Column Chromatographic Assay

Method 0.6

Recovery

(%)

Assay values
(u mole)

Mono-

nucleotides W 0.4r

5-IMP

5-AMP
5-GMP
5-UMP
5’-CMP

4.77
3.20
6.17
2.91
2.84

102
101
101
99.6
101

0.2

5 -AMP

: ,/'A\,

s ~-GMP

\

7% Cohn 9] #ES ¥ RS 24572 Ut

4 XA g KT ion exchange column chromatogr-
aphy & f78 = fraction number o] #3}o] O.D. & plot
3te] L MRS Fig. 45 2ok 7oA A
B,C,D,E,F,G,H,1,J,K,L % 12 fraction o] Hs= 0.4
¥l o]Z¢ Fig. 29 standard ¢} ¥Msld ¥ C fra- r
ction & 5-CMP, D fraction & 2'-CMP, E fraction &
3’-CMP, F fraction & 5-AMP, G fraction-& 2-AM ¥

0.61

0.2k %)

+ At

L3 1 i}

[ T B B AN

5 -IMP

P, H fraction & 3-AMP o|n 7}4 @& Bo] &
3 I fraction & 5-.UMP, ] fraction-& 5-IMP, K
fraction & 5-GMP, L fraction & ADP ¢l A& stan-
dard series o] MMESTEE S MBSl $4 A4 F7}
Slc}t 28] A, B 5 fraction® Cohn 9] 59}

260

ms

300220

260 300

mu

Fig. 5. UV.absorption spectra of the

5’-mononucleotides



(72) TR FH - B0 WOF - pain g2y 2588 2]

ste] nucleoside ¥ base & BEHEY-L A3 vt
a8y EeEfE 5-mononucleotides = 5 IMP & 5.
GMP ¢l 5-GMP 9l K fraction & v 2 Foz
4R 5°-IMP gl J fraction 3 5-AMP g] F fraction
£ &% 2o

o] & ¥ fraction & active charcoal 8 FEEH 3o pH
2.0 o2 B3 % peak 9| nucleotide & REst=d| #H
3 PR 230my oA 300my 7h o] sy UV
absorption spectra 2 JES O.D. g2 Fig. 5 9
72} Bl F fraction & 5-AMP, ] fraction & 5-IMP
¢ &4 AES Fig. 6, Fig. 7 o|A19 3o} paper
electrophoresis o] {#8}o} starting line © % %= anode
side o] . migrated distance & Authentic compound $}
#ifE3lx paper chromatography o k& Rf {Ez A
Authentic compound ¢l 5-AMP, 5-IMP & #fE&

Starting hine

S~
(o B 5 ~ AMP é +C
o—5 IMP ‘ +0
o— F Fraction ‘ +o
i }
| o~ J-Fraction +0

Fig. 6. paper electrophoresis of
5’-mononucleotides

Table 4. 5-Mononucleotide Contents of Salted Small Sardine Pickle

5-Mono- , N , 1 ST
nucleotide 5-CMP AME 5.UMP 5UMP 5GMP | 5UMP 5-GMP
Sample 1« mole/g mg/100g

Salted small

sardine pickle 0.08 1.02 0.32

1.51 0.09 52.4 0.93
|

0.6 )

0.4

Re

0.2b ® «*

1 H L ]

5 "AMP 5§ -IMP J F

\

-

Authentic Fraction ot pickle

Fig. 7. Paper chromatograms
of 5’-mononucleotides.

Solvent: Saturated (NH,),SO,
—tert-butanol—0. 025N
NH,OH (160 : 3 : 40)

Periodate E&{t.9} Schiff’s reaction ol {#£% #F 3k band
& mEEgonA 5.AMP 9 5 .IMP & REES}TH
shaa e

WA ¥3 5-mononucleotide o TEMEHE
Table 4 oA ¢ Zth, E8ktE 5-monocleotidel 5
IMP 7} 744 @z c}&o] 5-AMP ¢l& < gl o

i% HON EPECD g, 0% 0% IFMEEY Rk
o BRI AMP-deaminase 7} iEt:{bs o} 57-
%\lP 7} deamination 5 o} 5-IMP & #§{Lsle] 5°-IMPs}
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